Background: Fall-induced injuries in persons aged 65 years and older are a major public
INTRODUCTION
Falls affect approximately a third of the population aged 65 years and older, and are associated with major adverse consequences such as disability, loss of quality of life, institutionalization, and high morbidity and mortality rates [1] [2] [3] [4] [5] [6] [7] [8] . Furthermore, falls place a substantial burden on healthcare systems due to the large amount of visits to emergency departments, hospital admissions, admissions to long-term care and rehabilitation facilities, and related healthcare costs 3,4,7,9-11 making falls prevention a public health priority 12, 13 .
The most common injuries due to falls in the population aged 65 years and older in the Netherlands are superficial injuries, hip fractures, upper extremity fractures, and traumatic brain injury (TBI) 10 . Approximately 30% of people with a hip fracture will die within a year, and many more will experience significant functional loss 2 . Similarly, TBI is associated with serious consequences. Falls cause 61% of TBIs among persons aged 65 years and older in the United States 14 . Furthermore, recent studies in the United States 14 , the Netherlands 15 , and Finland 16 showed an increase in fall-related TBIs.
An important yet overlooked aspect regarding falls in the elderly is the paucity of evidence regarding patterns in the circumstances leading to injurious falls. Falls are the most important cause of TBIs and hip fractures in older adults, thus these patterns are valuable because they could highlight subgroups that may benefit from targeted falls prevention strategies 2, 15, 17 . However, data on circumstances leading to major consequences of falls in older adults, such as hip fractures and TBIs are scarce; and the number of events in the available studies is relatively low [18] [19] [20] [21] .
In this study, we investigated the indoor and outdoor activities leading to injurious falls in a large number of older men and women who visited the Emergency Department (ED) after experiencing a fall.
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METHODS
Study population
For the present study, screening data were extracted from the IMPROveFALL study 22 Committees at all participating sites approved the study.
Data collection
Data regarding age, gender, dwelling, date of ED visit, location of fall, activity during fall, and injuries sustained were collected from ED records. Records were made by ED personnel, were free-form, and paper or electronic depending on the hospital. Records were collected and managed by the research nurse and research physician. ED personnel were not aware of specific data being collected from records, therefore, there was a fair amount of missing data.
Regarding the location of the fall, 27% of the data were missing; and regarding activity prior to the fall, 34% of the data was missing. Data regarding hospital stay and hospital mortality
were not collected. shoulder and upper arm, elbow and forearm, wrist and hand, pelvis, hip, knee and lower leg, or ankle and foot). Activity distributions leading to indoor and outdoor falls were described separately for all falls, and for the two major fall-related injuries, i.e. TBIs and hip fractures.
RESULTS
In total data of 5880 fall-related ED visits of persons aged 65 years and older were included in this study. The mean age was 80 years with a standard deviation of 8, and the study population consisted of 1824 (31%) men and 4056 (69%) women.
The overall gender and age specific circumstances surrounding a fall are shown in table 1. Data concerning dwelling was obtained from 5489 patients. Most patients were community-dwelling (n=4734, 86%), with 95% of both men and women aged 65-79 years, and 83% of the men and 75% of women aged ≥ 80 years being community-dwelling, the remaining were residing in a care facility. Data concerning location of the fall were obtained from 4279 patients. Most falls occurred indoors (n=2773, 65%). However, this differed between the age and gender categories; there were higher proportions of outdoor falls at ages 65-79 years (48%), and overall 41% of the men fell outdoors. Data concerning activity were obtained from 3871 participants. Overall, the most common activity at time of the fall was walking (n=1898, 49%). Other common activities were walking up or down stairs (n=409, 11%) and sitting / standing (n=371, 10%). Data concerning the season during which the fall occurred was obtained from all 5880 patients. Overall most falls occurred during summer (n=1802, 31%), 28% of men and 32% of women fell during summer. The least amount of falls occurred during autumn (22%) for men, and winter (21%) for women.
Of the ED records with missing data regarding either the location or activity at time of the fall, the mean age was 81 years with a standard deviation of 8, and the population consisted of 687 (27%) men, and 1822 (73%) women. Furthermore, 1819 (81%) were community-dwelling, and 421 (19%) resided in a care-facility.
The age and gender specific injuries following a fall are shown in (46%) of the population. The most common fracture was a hip fracture (n=883, 15%).
All injurious falls
The location and activity surrounding a fall requiring an ED visit was obtained from 3371 records and are shown in figure 1 . The overall most common indoor activities were walking 
Traumatic brain injury
Overall, 254 falls resulted in a TBI. The location and activity surrounding a fall leading to a 
Falls by season
The season, location and activity surrounding a fall requiring an ED visit was obtained from 3371 records and are shown in supplementary figure X. The most common indoor activities surrounding a fall during winter were walking (n=123, 33%) and walking up or down stairs (n=65, 18%). The most common outdoor activities surrounding a fall during winter were walking (n=300, 77%) and cycling (n=37, 10%). The most common indoor activities during spring were walking (n=160, 33%) and walking up or down stairs (n=79, 16%) and housekeeping (n=79, 16%). The most common outdoor activities during spring were walking (n=224, 64%) and cycling (n=44, 13%). The most common indoor activities during summer were walking (n=192, 33%) and walking up or down stairs (n=100, 17%). The most common outdoor activities during summer were walking (n=227, 59%) and cycling (n=84, 22%). The most common indoor activities during autumn were walking (n=183, 36%) and housekeeping (n=87, 17%). The most common outdoor activities during autumn were walking (n=195, 65%) and cycling (n=35, 12%).
DISCUSSION
In this study two-thirds of all falls occurred indoors. However, this differed between the age and gender categories, with higher proportions of outdoor falls at ages 65-79 years and among men. The overall most common indoor activities leading to injurious falls were walking and walking up or down stairs. The overall most common outdoor activities were walking and cycling. We found that the indoor activities leading to major injuries, i.e. TBIs and hip fractures differed. Walking up or down stairs and housekeeping were the most common activities leading to a TBIs whereas walking and sitting / standing were the most common activities leading to a hip fracture. Notably, about half of the traumatic brain injuries and hip fractures in men and women aged 65-79 years occurred outdoors. The most common outdoor activities leading to both injuries were walking and cycling. To our knowledge this is the largest study investigating patterns leading to fall-related TBIs and hip fractures in community dwelling older adults. Another possibility is the elimination of outdoor environmental hazards involving sidewalks, curbs, and streets, such as by promptly repairing uneven surfaces, removing debris, and painting curbs 26, 27 . Furthermore, promotion of measures which can reduce the severity of injuries following a fall, such as bicycle helmets, should also be considered 28 .
It should be noted that in the Netherlands about 27% of all travel is done by bicycle.
As a consequence, the data presented is more relevant in countries where cycling is common.
Other western countries where cycling is a common mode of transportation are, Denmark (18% of all travel), Finland (11%), Germany (10%), and Sweden (10%) In this study, most falls occurred during summer (31%), and the least during winter (21%), this differed from other studies [30] [31] [32] , where most falls occurred during winter, and a recent study which showed seasons had no effect on fall rates 33 . Possibly more falls occurred during summer due to people being more active during the warm summer months compared to winter. Furthermore, snow and ice might not have been a major factor as in previous studies, due to the relatively mild winters in urban areas of the Netherlands. The most common indoor and outdoor activities leading to a fall during the four seasons were similar, noteworthy were the rates for walking outdoors during winter (77%), and cycling outdoors during summer (22%).
Various studies have investigated circumstances surrounding falls in older adults Sitting & Standing 371 (10) 63 (8) 56 (12) 119 (9) 90 (7) 162 (13) 252 (10) Walking up or down stairs 409 (11) 142 (17) 45 (10) 187 (15) 142 (11) 80 (6) 222 (9) Lavatory visit 161 (4) 22 (3) 21 (4) 43 (3) 42 (3) 76 (6) 118 (5) Sports & Recreation 51 (1) 21 (3) 3 (1) 24 (2) 20 (2) 7 (1) 27 (1) Out of bed 107 (3) 15 (2) 18 (4) 33 (3) 19 (2) 55 (4) Data are given as number (percentages). 
